This paper explores the implications of economic and political inequality for the business cycle comovement of government purchases. We set up and compute a heterogeneous-agent neoclassical growth model, where households value government purchases which are financed by income taxes. A key feature of the model is a wealth bias in the political aggregation process. When calibrated to U.S. wealth inequality and exposed to aggregate productivity shocks, such a model is able to generate milder procyclicality of government purchases than models with no political wealth bias. The degree of wealth bias that matches the observed mild procyclicality of government purchases in the data, is consistent with cross-sectional data on political participation.
Introduction
This paper provides a quantitative theory of the implications of economic and political inequality for the business cycle comovement of government purchases. We define government purchases as "government expenditures on consumption and investment goods" as in the NIPA accounts, excluding transfers and interest payments. Notice that in many economic environments, where government purchases are a normal good, desired government purchases increase in aggregate productivity. The effect from aggregate productivity impacts economic agents in the same direction and will therefore, in isolation, lead to strongly procyclical government purchases. Government purchases are no different than private consumption expenditures in this respect. Unlike the decentralized private consumption choice, however, the choice of government purchases typically involves an aggregation of individual preferences. Economic and economically-based political inequality may thus be important for aggregate dynamics.
The mechanism that we explore in this paper follows from two properties of standard models: individually desired government purchases, a normal good, increase in individual wealth.
Therefore, if the political aggregation mechanism is such that in good economic times agents with lower individual wealth gain political influence compared to normal times, then the effect of individual wealth on desired government purchases might dampen the comovement of government purchases and output. We will refer to this effect as decoupling. The second feature is countercyclical wealth inequality. Agents with lower individual wealth gain more political influence in booms, if countercyclical wealth inequality is combined with a pro-wealth bias in the political decision.
It is well known that income and wealth inequality are an important feature of the U.S.
economy (see Diaz-Gimenez et al. (1997) as well as Heathcote et al. (2010) for a comprehensive documentation of economic heterogeneity). A different literature provides direct evidence of wealth bias in political participation and argues that political inequality due to wealth bias is crucial in understanding the long-run relationship between economic inequality and public policies (see Rosenstone and Hansen, 1993 , Benabou, 2000 , Bartels, 2008 . In this paper, we ask whether the joint presence of economic and political inequality is also important for understanding certain aspects of the business cycle dynamics of public policies.
As a first step, we demonstrate the aforementioned two theoretical properties in a simple stylized model and show empirically, using political participation data from the American National Election Studies (ANES), that indeed lower income percentiles tend to have slightly procyclical relative political influence, whereas the opposite is the case for higher income percentiles. We also provide evidence that government purchases are a normal good. Together this means that the conditions for a decoupling of government purchases and the economic cycle are met, and indeed we find that government purchases are robustly the least procyclical component of aggregate demand. This holds for aggregate government purchases as well as for most disaggregated data.
In a second step, we ask whether the described mechanism with the interacting normality property of government purchases and countercyclical political inequality can also generate mild procyclicality of government purchases in a fully dynamic stochastic general equilibrium model that features quantitatively realistic economic and political inequality. We set up a stochastic neoclassical growth model with incomplete markets, where the equilibrium wealth distribution has a realistic concentration. Political inequality is linked to wealth inequality through the presence of a wealth bias in the political decision making process. We use a "political power"-weighted social welfare function to endogenously determine public policy. Otherwise, the model is essentially a merger of the representative household model in Klein et al. (2008) that features endogenous public policy, and the heterogeneous agent model in Smith (1997 and 1998) . This means we add to Klein et al. (2008) three features: aggregate uncertainty in the form of aggregate productivity shocks, economic heterogeneity in the form of persistent idiosyncratic shocks to labor productivity and -in the spirit of Krusell and Smith (1997 and 1998) -discount factors, and the parametric specification of political wealth bias from Benabou (2000) . Our model features a government that cannot commit ex ante to a path of government purchases, but takes into account future streams of government purchases and how they depend on current decisions. The solution concept for the game between successive governments is the Markov-perfect equilibrium. Government purchases are financed by income taxes. Like Klein et al. (2008) , we abstract from government debt and transfers.
We find that the contemporaneous correlation between output and government purchases is a declining function of the wealth bias in the political system. The degree of wealth bias that matches this correlation in the data is broadly in line with the campaign contribution shares by income percentiles reported in the ANES data. We also show that either a lack of political inequality or a lack of quantitatively realistic wealth inequality, the extreme case of which is a representative agent version of our model, means that output and government purchases are too strongly correlated, compared to the data. Models that lack either type of inequality have essentially approximate aggregation in the sense of Krusell and Smith (1998) and behave very similarly to the representative agent case. 1 Current government purchases in such models are mainly determined by the intertemporal trade-off between private and government consumption today and tomorrow, the wealth effect from aggregate productivity. By contrast, a very unequal wealth distribution intensifies disagreement about the optimal level of government purchases that, if funneled through political inequality, can cause a partial decoupling of aggregate government purchases and output. As in the data, in the model the political weight of the wealth-poorest is procyclical and that of the wealth-richest is countercyclical. To be clear:
we do not mean to say that ours is the only conceivable mechanism that could explain the mild procyclicality of government purchases. 2 But in standard economic environments it is a consequence of quantitatively realistic economic and political inequality.
Related Literature
Besides the intrinsic link to the literature on wealth heterogeneity and political wealth bias, our paper is most closely related to the literature on endogenous government purchases in dynamic environments. This is a quantitative macro literature that starts from an otherwise standard neoclassical growth model and uses a Markov-perfect equilibrium concept to endogenize government purchases (see Klein et al., 2008 , Azzimonti, 2009 , and Debortoli and Nunes, 2010 ).
This literature has so far focussed mostly on long-run steady state analyses, and has also ab- economic part. For instance, they use a utility function that is linear in private consumption, they abstract from capital accumulation and wealth inequality which is the central focus of our framework. While this literature is much richer than our paper in some dimensions in that it deals with multidimensional government policies, these simplifications might limit its usefulness for quantitative analysis. In addition, we complement their work by studying the dynamics of government purchases in a probabilistic voting and a majority voting environment.
of heterogeneous agent models feature approximate aggregation. Conversely, we provide a realistically calibrated, quantitative example with at least a small quantitative deviation from approximate aggregation in the sense of Krusell and Smith (1998) . Indeed, our equilibrium laws of motion contain the Gini coefficient of the wealth distribution in addition to the average wealth. We show that introducing this higher moment into the equilibrium laws of motion slightly changes the equilibrium dynamics of the model, especially the comovement between output and government purchases. 2 Debortoli and Nunes (2010), using a representative agent model, introduce an additional aggregate shock in the political system and find a lower contemporaneous correlation between government purchases and output than in models with one aggregate shock.
In addition, our paper is also related to three other strands of the literature. Methodologically, we build on the framework developed in the literature on dynamic political economy, e.g., The remainder of the paper proceeds as follows: section two sets up the economic environment and, with the help of a simple model, describes the main causal mechanism behind decoupling. It also provides data evidence behind this mechanism. Section three describes the equilibrium concept, the political aggregation mechanism, computation and calibration of the quantitative model. Section four presents the results from numerical simulations and some robustness checks. Proofs, more facts about government purchases, computational and numerical details are relegated to several appendices.
Motivation: Simple Models -Stylized Facts
In this section, we describe the main mechanism by which economic and political inequality influence the dynamics of government purchases in the fully-fledged quantitative and dynamic model in Section 3. We first show in a simple static model that in a standard economic environment desired government purchases of an arbitrary economic agent are an increasing function of aggregate productivity and individual wealth. The response to aggregate productivity makes government purchases positively correlated with output and private consumption. If the political aggregation mechanism is such that in booms wealth-poorer agents gain political influence compared to normal times, then the effect of individual wealth on desired government purchases might dampen the comovement of government purchases and output. Our second result concerns the cyclicality of wealth inequality. We show in a two-period version of the static model that if the third derivative of the consumption felicity function is positive then under some conditions wealth inequality can be expected to be countercyclical. If this result is coupled with a pro-wealth bias in the political decision about government purchases, then agents with lower individual wealth will gain more political influence in booms. We then provide stylized facts from data that support decoupling as well as the sketched causal mechanism.
Simple Models

A One-Period Model
Let us first study the (hypothetical) decision problem of an agent who values private consumption, c, and government purchases, G. The agent is endowed withl units of time, labor productivity, , and an initial capital stock, k, which depreciates at rate δ. The agent receives factor income from competitive capital rental and labor markets, subject to a linear income tax, at rate
, which is a function of government purchases.
0 < θ < 1, and u 1 (c) as well as u 2 (G) are increasing, strictly concave and differentiable functions.
Notice that we write this problem as if the agent were to decide about both private consumption and government purchases. This will in general not be the case. Instead, G will be decided in a political aggregation mechanism, through a constitution (see Sections 3.2 and 3.3). However, this hypothetical decision problem allows us to introduce the concept of privately desired government purchases,Ĝ.
To close the model, we assume that the economy is populated by a continuum of such agents with potentially different labor productivities and capital stock endowments, that there exists an aggregate Cobb-Douglas constant-returns-to-scale technology to produce output and that the government has to balance its budget:
z is an aggregate productivity shock and the only source of aggregate uncertainty. Competitive factor markets guarantee the usual factor price conditions:
A re-write of the budget constraint illustrates the sources of conflicting policy preferences.
Plugging the tax function τ (K , L, z,G) into the budget constraint and re-arranging terms, yields:
where The intuition behind this result is that with γ = 1 there is no income effect, so an increase in individual capital holdings through an increase in the relative price of government purchases will only lead to a substitution effect. The lower γ, the stronger the income effect that makes agents want to demand more G. The proposition is important because it predicts for parameters that are standard in quantitative macroeconomics that wealth-richer agents demand more government purchases.
The proposition highlights two channels for the dynamics of government purchases over the business cycles. A higher technology shock tends to increase G, which in isolation makes G procyclical. This productivity-induced wealth effect does not require heterogeneity of agents. It is present even if all agents are the same. But heterogeneity in capital endowments may generate an additional channel if wealth inequality changes over the business cycles and the political system exhibits a wealth bias in the aggregation of preferences over government purchases.
For instance, with a pro-wealth bias, a decrease in wealth inequality operating through a similar change in political inequality might move the policy outcome towards the preference of poorer people, hence -assuming G(k, ; K , L, z) increases in k -towards a lower level of G. Other things equal, the higher the wealth bias, the larger is this effect. Compared to a representative agent model with only the productivity-induced wealth effect present, countercyclical wealth inequality would then dampen the positive comovement of G with the economic cycle. In the next subsection we extend the model to two periods, allowing for a nontrivial saving decision, and argue that with a positive third derivative of the consumption felicity function, there is a tendency in such models to produce countercyclical wealth inequality.
A Two-Period Model
In this subsection we focus on the relation between aggregate economic conditions and wealth inequality in a simple two-period production economy. Agents discount the future at rate β and use flow utility (1) . The budget constraint now reads, suppressing for ease of notation the dependence of w, r and τ on macro variables:
The following proposition shows that under certain conditions and in a certain sense it can be shown analytically that our two-period production economy features countercyclical wealth inequality. It is instructive to discuss the conditions in the statement of the proposition in turn. The positive third derivative of consumption felicity is a standard assumption in quantitative macroeconomics and needs no further comment. The scenario we have in mind is to "simulate a boom" through an exogenous increase in the real wage in a partial equilibrium environment. Of course, in a micro-founded general equilibrium model this can only be brought about through a change in an exogenous variable, typically aggregate productivity z. However, the statement cannot analytically be shown to hold for increases in aggregate productivity, for two reasons.
First, aggregate productivity increases lead, via changes in aggregate capital accumulation, to changes in tomorrow's factor prices. Secondly, even ignoring these general equilibrium effects, we show in the proof of the proposition that simultaneous changes in w and r lead in general to ambiguous effects on inequality. Finally, the analytical derivation of our statement requires that inequality in second-period capital holdings is generated by a specific source of heterogeneity, namely different initial capital holdings. We found it impossible to derive a clear statement in the presence of higher dimensional heterogeneity.
Nevertheless, the proposition shows that in the class of models we study there exists at least one force towards countercyclical wealth inequality. It is a quantitative question, whether this force will prevail in a fully-fledged dynamic and realistically calibrated model. This justifies our use of numerical methods.
Stylized Facts
In this subsection, we first show that government purchases are procyclical, but less so than any other component of domestic aggregate demand. We then provide further, cross-sectional evidence from U.S. state data that government purchases are a normal good. We finish by showing that political inequality as measured by voter turnout and the incidence of campaign contributions by income percentiles is not only prevalent in the U.S., but also mildly countercyclical.
This is micro evidence in support of the decoupling mechanism. Figure 1 shows the cyclical components of two measures of annual government purchases on goods and services alongside the cyclical component of U.S. GDP. 4 We study government consumption and gross investment including defense spending (G), and government nonde- We complement the graphical analysis by a second moment analysis in Table 1 . Government purchases are the least procyclical component of domestic aggregate demand. In particular, private consumption expenditures are much more correlated with aggregate output than 4 Annual data on government purchases correspond closely to the yearly nature of government budgeting and therefore we focus on this frequency. Quarterly data on government purchases display a similar decoupling property. We start our analysis in 1960 to exclude the Korean war. government purchases. This is also reflected in a relatively low correlation coefficient of government purchases with private consumption expenditures and the (mild) countercyclicality of the government-purchases-to-GDP-ratio. Two additional properties of government purchases dynamics can be seen from Table 1 . Unlike the other two components of aggregate demand, the dynamic correlations of government purchases with lagged output are higher than the contemporaneous correlations. Secondly, government purchases are the most persistent component of domestic aggregate demand, and they are also more persistent than output. As is evident from both the aggregate and disaggregated data, the procyclical movement of government purchases suggests that it is a normal good: as income increases, the demand for government purchases rises. This fact can also be seen from the cross-sectional variation across U.S. states. Average government purchases comove positively with per capita state-level GDP, 5 See Tables 7 and 8 as well as Figures 8 and 9 in Appendix B. The two most noticeable exceptions are federal nondefense purchases, which is only roughly 12% of all purchases and acyclical, and, along the functional disaggregation, health spending, which is roughly 4.5% of total government purchases and mildly countercyclical.
when we control for the states' surface and population. 6 This shown in Figure We finish this section by providing some direct evidence on the presence of pro-wealth (or rather pro-income) bias in the political process, using political participation data. In Table 2 we report the fraction of people who vote and make campaign contributions and belong to a certain percentile of the income distribution. 8 For instance the richest 5% represent 6.7% of 6 It is reasonable to assume that states with a larger surface have different transportation needs, which is why we control for the states' surface. The effect of including this control is, however, quantitatively small. We also control for population because part of the government purchases in the data may include partially rival goods. Figure 10 in Appendix B takes the opposite view, i.e. completely non-rivalrous government purchases, and repeats the same exercise for the raw data on state-level government purchases and per capita state-level GDP without any controls. We still find a positive correlation, albeit somewhat mitigated. 7 Figure 11 in Appendix B repeats the same exercise as in Figure 2 with essentially the same results for the state and local government sector in the regional NIPA data, and for the census data, disaggregated for 'Total Current Operations' (consumption) and 'Total Capital Outlays' (investment). Also, one may wonder whether the positive correlation between per capita state-level GDP and state-level government purchases is simply driven by the rightmost data point, the state with the highest per capita income on average, Alaska. In a robustness check, where we exclude Alaska and Delaware (the second richest state), we show that this is not the case, although quantitatively the positive connection is reduced: the correlation for NIPA data goes down to 0.44, the one for Census data decreases to 0.36. 8 The somewhat nonstandard partition of the income distribution is given by ANES. We start from the same data source as Rosenstone and Hansen (1993) and Benabou (2000) in his table 1, but use a somewhat different voters and 17.5% of campaign contributors. In contrast, the poorest 16% make up only 13.1% of voters and 5% of campaign contributors. Given a strong positive correlation between income and wealth, the data also suggests an underlying pro-wealth bias in the political system, i.e., a positive correlation between wealth and political representation. To the extent that richer people give a larger amount when they do contribute to political candidates, the participation rate data of campaign contributions, which represents only an extensive margin, may well underestimate the actual inequality in political influence. The suggested pro-wealth participation pattern in the data motivates our model specification with a built-in positive link between wealth and political power. We report the comovement properties of the measured inequality in political participation in Table 3 . The correlation patterns of the lowest and highest percentile are at least consistent with countercyclical political inequality. During an economic boom, the political representation for the lower-income (higher-income) group displays a tendency to rise (decrease). As a result, the political representation shifts slightly from the higher tail to the lower tail of the income distribution during good times, and vice versa. Our preferred specification of the quantitative model will also exhibit these rather small positive correlation numbers for the lower income percentiles and rather small negative correlation numbers for the higher income percentiles.
time horizon, 1960-2000, which explains the very small quantitative differences in our results. We had access until the 2004 data of the ANES, but the 2002 data along income percentiles were missing, which is why we restrict the analysis to 1960-2000. Notes: see notes to Figure 1 and Table 2 . Since the ANES data are only biannual, we filter the annual data for Y , G and G N D first and then use only the biannual deviations from trend.
The Quantitative Model
In this section, we build on the model from Section 2.1 and use numerical methods to study a calibrated dynamic stochastic general equilibrium model with heterogeneous agents and quantitatively realistic economic and political inequality. We first briefly add what is necessary to specify the economic environment in this quantitative model. Then we define the equilibrium concept with endogenous public policy. The ensuing subsection describes the political aggregation mechanism. We finish with a discussion of the computation and calibration of the model.
The Dynamic Economic Environment
Section 2 specified the main ingredients of a standard heterogeneous household stochastic growth model, as in Krusell and Smith (1998) . In the fully dynamic economy, infinitely lived households face persistent idiosyncratic shocks to their labor efficiency, . This leads to idiosyncratic labor income risk to which households partially insure using physical capital as the only asset. Idiosyncratic labor efficiency shocks are a standard assumption in the incomplete markets literature (see, e.g., Huggett, 1993, and Aiyagari, 1994) , because they give rise to a nondegenerate wealth distribution. In order to generate quantitatively realistic wealth inequality, we again follow Krusell and Smith (1998) and assume that households face persistent idiosyncratic shocks to their discount factor. We will show that matching the inequality in the U.S.
wealth distribution is crucial for understanding the dynamics of government purchases in our model. We finally specify the felicity function (1) as a log-log form:
The budget constraint is given by (6) , with an additional borrowing constraint k i ∈ [k, +∞).
We assume that the two sources of heterogeneity, and β, evolve according to discrete Markov chains, independently of each other and across agents. 9 Similarly, z, i.e. aggregate productivity, evolves according to a discrete Markov chain, which is independent from the two Markov processes that govern the idiosyncratic stochastic environment.
Dynamic Equilibrium with Endogenous Public Policy
In choosing government purchases, G, the government faces -on top of the balanced budget requirement -two institutional constraints. First, the government chooses G under the constraints of social choice institutions. Some examples of social choice institutions are the utilitarian social planner and a majority voting system, although we are going to study more general mechanisms in the next subsection. For the purpose of defining an equilibrium, however, we present the constraint as an abstract social preference aggregator, Recursive Competitive Equilibrium (RCE) on the equilibrium path, and best-response consistency on the off-equilibrium path. The formal definition follows. 9 Since is uncorrelated across households, and by the continuum assumption, L is a constant owing to the law of large numbers. We therefore suppress it as an argument in the real wage, the real interest rate and the tax function. 10 
Definition 1 A Markov-perfect Equilibrium for the economy is a set of functions, including a government policy function G
Ψ, H and the exogenous stochastic processes.
The first part of the equilibrium definition says that h is the best response of the household to an arbitrary change in current G when the future follows the equilibrium path, a so-called one-shot deviation best response. J denotes the corresponding value function. In addition, the best-response value function should coincide with the equilibrium continuation function when evaluated at the equilibrium policy G = Ψ (Γ, z). The second part requires that the evolution of the aggregate distribution, H (Γ, z,G), is generated by the households' best responses for any given G and the exogenous stochastic processes. This reflects rational expectations on the household side. On the equilibrium path, this requirement reduces to the familiar consistency restriction in RCE. In addition, MPE imposes the same requirement for off-equilibrium paths.
The third part imposes the constraint from the social choice institution.
Notice that when there is only a representative type of household who faces aggregate shocks, 
The Social Choice Mechanism
In our baseline model, the public choice mechanism is defined as
where χ ∈ R is a given institutional parameter reflecting characteristics of the political process and k
. 11 The government chooses public policy so as to maximize a weighted social welfare function, with weights dependent on the wealth of the households. The weighting function, (k
χ , is meant to be a flexible parametric form to capture wealth bias in the political process. If χ = 0, every household is treated equally, which leads to the familiar egalitarian social welfare function. A positive (negative) value of χ implies a pro-wealth (anti-wealth) bias in the political process, since a larger (smaller) weight is assigned to a household with a higher positive wealth. As the absolute value of χ increases, the degree of wealth bias becomes larger.
Intuitively, a higher wealth bias increases the responsiveness of political weights to wealth inequality, hence implies a higher political inequality. In fact, this intuition can be proved formally when the political inequality is measured in terms of the Lorenz curve (see Bai and Lagunoff, 2009, for a formal proof and a general characterization of related weighting functions).
There are different interpretations of our baseline public choice mechanism. From a normative aspect, the weighted social welfare function approach can be viewed as a social planner's problem. As we show in Appendix C, there is also a micro-founded positive interpretation, which is generated by a political process in a probabilistic voting environment. 12 There the weighting function, (k is a convenient way to avoid negative weights in the welfare function. We also experimented with a weighting function that depends on total available resources,
χ , and found that the results are not dependent on this functional form. 12 In Section 4.2 we study a pro-wealth majority voting environment.
Computation
Whether the partial decoupling mechanism outlined in Section 2 is economically significant, is a quantitative question. We thus use numerical methods to characterize and analyze the Markov-perfect equilibria of our economy. In computing the equilibria, we face the usual practical challenges introduced by the heterogeneous-agent economic environment, as well as new complications due to the endogenous policy determination.
On a conceptual level, we need to adapt the fixed-point iteration procedure used in computing RCE to account for the best-response consistency of off-equilibrium paths. As already intimated in our equilibrium definition, our procedure iterates on the best response transition function and policy function (H , Ψ) to reach a fixed point. Both on and off equilibrium restrictions are honored in every step of the computation.
On a practical level, we have to specify a set of moments of the wealth distribution and functional forms for (H , Ψ) to implement the general procedure proposed in Krusell and Smith (1998) . They find that average capital is sufficient to approximate the infinite-dimensional wealth distribution and its law of motion and, thus, to forecast future prices. In our case, because of the public choice nature of fiscal policy higher-order statistics might matter for the evolution of the economy. This intuition is verified in our simulations. We find that the combination of average capital and the Gini coefficient of the capital distribution is sufficient to characterize the evolution of our economy, yet at the same time keeps the dimensionality of the problem tractable. 13 The computed fixed point of H then takes the following form:
and that of Ψ takes the form of
Notice that the parameters of these equations depend on the (discrete) level of aggregate productivity. We solve the MPE using a fixed point iteration procedure from the parameters in (9)-(11) onto themselves. The computational algorithm is outlined in detail in Appendix D. The parameterized Krusell and Smith rules and their performance are shown in Appendix F. 13 We also experimented with the standard deviation of the wealth distribution, but found better R2 improvements with the Gini coefficient. 14 It turns out that logG 2 improves the fit of the law of motion for capital significantly.
Calibration
The model is calibrated to match features of the U. We assume that the discount factor evolves according to a persistent three-state Markov chain pinned down by four conditions: 1) at every point in time the majority of the population (80%) has β = 0.96, and the very patient and very impatient agents have a mass of 10% each; 2) the average duration of a given discount factor is 50 years, which is meant to capture a dynastic element in this infinite horizon model; 3) agents do not jump over a state; 4) the equidistant difference between the three grid points is calibrated jointly with the borrowing constraint, k, to be broadly consistent with the fraction of households with negative wealth in U.S. data and the Gini coefficient of the U.S. wealth distribution. This calibration strategy as well as its targets, 11% for the fraction of negative net wealth holders and 0.79 for the Gini coefficient, is taken from Krusell and Smith (1998) and adapted to the annual frequency. We find that given the above labor income process a small borrowing constraint of 0.01 and the following grid for β is broadly consistent with the calibration targets: [0.94, 0.96, 0.98]. Appendix E displays the exact specifications of the three Markov chains for z, and β.
Two parameters remain to be calibrated: θ, the weight on government purchases; and χ, the exponent of the weighting function in the political aggregation mechanism. For θ we adopt the following baseline strategy: given the set of parameters above and a value for χ, we choose θ so that the model matches the time-averaged
G Y
-ratio based on aggregate nondefense government purchases, G N D, i.e. roughly 15%. 15 We thus follow the empirical literature that views only defense government purchases as a truly exogenous stochastic process and uses this assumption for the identification of the economic consequences of government spending shocks. Of course, since this paper is about endogenous government purchases we simply take the complement, i.e. nondefense government purchases. We check for robustness with respect to this target choice in Section 4.2. For χ we take no a priori stance and rather vary χ parametrically.
We do, however, argue that the political inequality of our preferred model, is broadly in line with the political participation data in Table 2 , Section 2.2.
Results
The Baseline Result
In this section, we show that decoupling between government purchases and the overall cycle increases with the degree of wealth-bias in the political system, parameterized by the exponent in the political weight function. Starting from the case with no wealth bias in the social welfare function -every agent in the economy has the same political weight -we increase χ and plot in Figure 3 the contemporaneous correlation coefficient between output and government purchases. We do this for the baseline computation/calibration and three variants: first, we simply leave out the Gini coefficient in the Krusell-Smith rules for capital and government purchases ("No Gini in KS rule" -dashed line), and recompute the equilibrium; secondly, we do not target a realistic Gini coefficient in the simulated wealth distribution and set the discount factor deterministically to its median value of 0.96, but leave the higher moment in the Krusell-Smith rules (dashed-dotted line); thirdly, we combine both changes (dotted line). 16 The comovement between output and government purchases declines with the degree of wealth bias in the baseline case. At a value of χ = 0.55 the model matches the observed contemporaneous comovement between government purchases and output almost exactly. Comparing the baseline simulation with the Gini coefficient in the Krusell-Smith rules and the recomputed equilibrium without any higher moments reveals a quantitatively realistic example where there is at least a small deviation from approximate aggregation in the sense of Krusell and Smith (1998) . Using a measure of wealth inequality in the equilibrium law of motion changes actual equilibrium dynamics slightly for higher political bias parameters -the solid and the 15 Appendix E provides the values of θ for the different models. 16 The resulting Gini coefficient is 0.46 and the fraction of negative wealth holders is 2.8% across models, whether we use the Gini coefficient or not in the Krusell-Smith rules. Notes: In the simulations, all variables are logged and filtered with a Hodrick-Prescott filter with smoothing parameter 100. The simulation numbers come from a simulation of 1500 periods, where the first 500 periods were discarded. The simulation is started from an arbitrary initial wealth distribution. All simulations use the same series of aggregate shocks. 'No Gini in KS rule' refers to the equilibrium, when we simply leave out the Gini coefficient in the Krusell-Smith rules for capital and government purchases. 'Deterministic β' refers to the equilibrium, when we make the discount factor deterministic and set it to its median value 0.96, but continue to use the Gini coefficient in the Krusell-Smith rules for capital and government purchases. 'Deterministic β -No Gini in KS rule' refers to the equilibrium with deterministic β and no Gini coefficient in the Krusell-Smith rules.
dashed line deviate from each other for higher χ. When agents do not take into account the dynamics of wealth inequality in their forecasting rules, the decoupling effect that a highly unequal wealth distribution in concert with a wealth-biased political system brings about is slightly mitigated. The contemporaneous correlation between output and government purchases increases from 0.48 to 0.56, when the Gini coefficient is left out. Figure 3 also shows that using a counterfactual wealth distribution with mild economic inequality nearly eliminates the effect of wealth bias on aggregate government purchases dynamics, whether we include higher moments in the forecasting rules or not. Finally, in the case of complete political equality, χ = 0, the extent of economic heterogeneity seems irrelevant for aggregate dynamics. Table 4 , which analyzes the baseline specification with χ = 0.55 more closely, shows that when the mildly positive contemporaneous correlation between government purchases and output is matched (data moments are in brackets), then also the contemporaneous correlation between government purchases and private consumption is relatively low, and the same holds true for the correlation between government purchases and lagged output. In particular the two output correlations have the correct relative size. Our model is also consistent with government Figure 3 . Data moments are in brackets.
purchases being the most persistent component of aggregate demand. 17 As it is in the data, it is also more persistent than aggregate output. Finally, the model matches at least qualitatively all but one sign of the cyclicality of the G Y -ratio. to a case, when we make the discount factor deterministic and set it to its median value 0.96, but continue to use the Gini coefficient in the Krusell-Smith rules for capital and government purchases. We essentially keep the same parameter for political inequality as in the baseline case, i.e. χ = 0.55, but reduce the extent of wealth inequality.
'Rep. Agent No Lag' refers to a simulation, where we abstract from any heterogeneity, i.e. and β are held constant, and the political decision is about current government purchases. 'Rep. Agent Lag' refers to a simulation, where where we abstract from any heterogeneity and the political decision about government purchases features a decision lag of one year ahead. All simulations use the same series of aggregate shocks. Table 5 . We thus provide another case of irrelevance of wealth heterogeneity for aggregate dynamics -government purchases dynamics, to be precise -, extending the finding of Krusell and Smith (1998) to a class of models with endogenous public policy. However, once both types of heterogeneity are combined, they matter for the aggregate dynamics of government purchases. Because of this, government purchases dynamics provide important restrictions on a difficult-to-measure structural parameter, namely the wealth bias in the political system, which suggests that future empirical research might benefit from taking these dynamics into account. Only the baseline model with both economic and political inequality generates the right level of procyclicality of government purchases. With a fixed discount factor, economic inequality is too small to matter. While the 'Determ. β'-case with lower wealth inequality has a negative relationship between wealth bias and the comovement of GDP and government purchases, the gradient is small. With χ = 0, economic inequality does not get translated into political inequality. Table 5 also shows that the specification with both types of inequality has other important moments closer to the data, in particular the correlation of government purchases with private consumption and the persistence of government purchases. Only in the baseline specification is G the most persistent component of aggregate demand. This is consistent with the fact that government purchases dynamics now depend directly on a slow-moving and itself persistent object, the wealth distribution.
The baseline model is the only one with the right relative size between the contemporaneous and the dynamic correlation of G and GDP . However, this could be an artifact of us not allowing for decision and implementation lags in the political process. In order to test, whether the excess synchronization in the representative agent model is an artifact of abstracting from such lags, we simulated a version of the representative household economy, where the political process decides about next period's government purchases, making current government purchases an additional state variable of the economy. As Table 5 in the 'Rep. Agent Lag'-column shows, this solves the problem of the contemporaneous correlation of government purchases with GDP, now at 0.43, which is close to the 0.47 in the data. But this comes, perhaps not surprisingly, at the cost of an oversynchronization (relative to the data) with lagged output.
Next, we show in Table 6 that the degree of wealth-bias that is most in line with aggregate government purchases dynamics is also consistent with the average degree of political inequality as measured by the incidence of campaign contributions across the income percentiles in the American National Election Studies (ANES). We compare the weight-shares in the social welfare function when χ = 0.55 to the campaign contribution shares in the ANES data. It is apparent that the political bias towards high income agents in our model at least broadly lines up with the political bias exhibited in the measured campaign contribution shares. Relative to these, our baseline calibration exhibits slightly larger political inequality. Since these measured campaign contribution shares do not take into account the size of the contributions made by the different income groups, they almost surely understate political inequality. Notes: 'Weight shares' refers to the (time-averaged) weight shares in the social welfare function for each income percentile. 'Campaign contribution shares' are the average fractions of campaign contributors that belong to a certain percentile of the income distribution. Data source is the American National Election Studies. See Table 2 in Section 2.2.
We finish this section by showing that the decoupling we find in the simulations with sufficient economic and political inequality is caused by a shift of political power for agents over the business cycle. Figure 4 shows that the average desired G increases with wealth and income quintiles. Figure 5 is the analog to Table 3 in Section 2.2. Just like in the American National Election Studies data, the relative political influence of the poor increases in good economic times, whereas the rich lose some of their weight in the political decision process. In good economic times the poor have slightly more say and they want on average lower government purchases, which mitigates the expansion of G in a boom. Figure 5 also shows that only mild procyclicality of the political influence of the poor and mild countercyclicality of the political influence of the rich, consistent with the data, are required to generate the extent of decoupling observed in aggregate government purchases. Notes: For every simulation, as χ varies, we compute the weight shares in the social welfare function for each wealth or income quintile. We then compute for each wealth or income quintile's weight share the contemporaneous correlation coefficients with model simulated output, which is logged and filtered with a Hodrick-Prescott filter with smoothing parameter 100.
Robustness
In this section we discuss robustness of our results with respect to one calibration choice and one modeling choice we have made in our baseline case. There we use government nondefense purchases as a proxy for endogenous government purchases. It is not obvious that all defense government spending is orthogonal to the state of the economy. This seems especially plausible for military spending in peace times. In fact, Table 7 in Appendix B suggests that, if anything, federal defense expenditures are somewhat more correlated with the cycle than federal nondefense expenditures. Therefore, we repeat our baseline exercise, but calibrate the weight of government purchases, θ, to match the G Y -ratio based on total government consumption and investment expenditures, G, including defense spending: 22.5%. Figure 6 shows the equivalent of Figure 3 in Section 4.2, when we use G as our data counterpart. It can again be seen that higher political bias leads to a decoupling of government purchases and the aggregate economy. For the 'total government purchases'-calibration the contemporaneous correlation between GDP and government purchases is approximately matched at χ = 0.65.
Secondly, the baseline model featured a (wealth-weighted) social welfare function as the political aggregation mechanism, which Appendix C shows to be equivalent to a (wealth-weighted) probabilistic voting mechanism. In this section, we study a case where we use (wealth-weighted) majority voting as the political constitution with vote allocation for type (k, , β) equal to (k
As in a standard majority voting environment, the policy with fifty percent of the votes will be the winner if the preference of every household is single-peaked. 18 Specifically, let G k, , β, Γ, z; Ψ, H = arg max G J k, , β, Γ, z,G; Ψ, H be the preferred policy of economic type k, , β . Then the Cordorcet winner in a weighted majority voting system is the preferred policy of type k * , * , β * such that 
Final Remarks
This paper provides a quantitative theory of the implications of economic and political inequality for the business cycle comovement of government purchases. We show that with both types of inequality present in a quantitatively realistic way, the interaction of government purchases being a normal good and countercyclical political inequality can alter the cyclicality of government purchases compared to models where either type of inequality is missing. An extreme case of the latter is a representative agent environment. We argue that in standard models the procyclicality of government purchases may be dampened in the presence of economic and economically-based political inequality. This finding does not depend on the specifics of the political system, nor the average importance of the government sector in the economy. In contrast, standard neoclassical representative agent models of endogenous public policy feature strong procyclicality of government purchases. We thus provide an example of a quantitatively realistic model, where heterogeneity matters for aggregate dynamics, specifically the dynamics of government purchases. We leave it for future research to understand the business cycle dynamics of endogenously determined public policies in Markov-perfect environments more comprehensively.
A Proofs -Appendix
Proof of proposition 1: Substitute the budget constraint (4) for private consumption in (1), use the CRRA assumption, and, suppressing the arguments in p (k, ; K , L), take the derivative with respect to G:
By the implicit function theorem and the strict concavity of the objective function, we need to show that
by strict concavity of u 1 .
For
Then:
The first factor of the last expression is negative. The second factor is negative for γ ≤ 0 and δ ≤ 1 with one inequality holding strict. With linear utility in consumption, γ = 1,
Proof of proposition 2: Substituting the budget constraint into the expected utility function, suppressing the arguments of w (K , L, z), r (K , L, z) and τ(K , L, z,G) as well as their analogs tomorrow, and taking the derivative with respect to k , yields:
The expectation is taken with respect to z and . We consider now the effects of an exogenous increase in today's real wage keeping constant tomorrow's factor prices. Specifically, we are interested in how the marginal effect of real wage increases on the saving decision is impacted by individual capital holdings.
First we show that
∂F OC (k ,w,k) ∂w > 0, which means, given the concavity of u 1 , that real wage increases lead to higher saving.
I.e.:
Next, we look at:
Collecting terms, we get:
, which means that, in a group of agents with the same labor productivity, saving as a function of individual capital holdings is increasing, whereas marginal saving with respect to the real wage is decreasing in individual capital holdings.
Next assume that a group of agents with the same labor productivity is ordered according to their individual capital holdings with ascending order. We are interested in the sign of the following object:
Notice that the expression in the numerator of this derivative is the Lorenz curve of secondperiod capital holdings. We will show that under the stated assumptions and in partial equilibrium the Lorenz curve increases pointwise for each fixed i * , and thus inequality decreases in the real wage for a group of agents with the same labor productivity.
Splitting up the integrals and rearranging leaves us with:
Given the results from above that saving and marginal saving with respect to the real wage are inversely related in a group of agents with the same labor productivity and the only source of heterogeneity being different individual capital holdings, it is clear that the two factors of the second product are both positive, but smaller than the corresponding factors in the first product. This finishes the proof.
Of course, in general equilibrium, changes in the real wage today could only be brought about by changes in the initial capital stock, the labor endowment, or, most realistically, through a change in aggregate productivity, which would then -through the aggregation of the saving decisions -change tomorrow's aggregate capital holdings and thus factor prices. We ignore these general equilibrium effects here, only then do we get clear analytical results.
But even a more general partial equilibrium statement with respect to a proportional exogenous increase in both the real wage and the real interest rate ignoring aggregate saving is not possible. The reason for this can be seen by analogy from ( * ), where for Notes: 'Real State G' in the upper panel is real GDP from the total government sector in the regional NIPA data.
'Real State G' in the lower panel is the sum of the expenditures on 'Total Current Operations' and 'Total Capital Outlays' from the historical data of the census of state government finances, deflated by the state-specific implicit deflator for government GDP from the NIPA data. 'Real State GDP per capita' is real GDP from the regional NIPA data. All data are averaged across time. We present scatter plots of the raw data, excluding the outliers Alaska and Delaware. Tauchen, 1986 ) discretization method and a width-parameter of 3. 18. It was generated with Tauchen's (see Tauchen, 1986 ) discretization method and a width-parameter of 3. The calibration of θ: 
